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NATURE OF SOVIET CAST ALLOYS

A. F. Silayev B

{Comment: This report presents excerpts from the book Spravoch-
nik po Litym Splavam (Handbook on Cast Alloys), by A. F. Silayev,
published in Moscow in 1954 by Vodtransizdat. The information is
presented under the following categories: I. Properties of Steel
for Shaped Castings, II. Properties of Iron Castings, III. Substi-~
tutes for Casting Bronzes, and IV. Substitutes for Tin Babbitts.

A translation of the t&bls of contents of the source is appended.]

I. PROPERTIES OF STEEL FOR SHAPED CASTINGS

Chemical Composition of Carbon Steel for Casting

Steel for shaped castings may be classified on the basis of chemical com-
position, structure, quality, or method of manufacture. Steels vhich contain
all or some of the following amounts of admixtures are classified as carbon
steels: up to 0.65 percent carbon, up to 0.5 percent silicon, up to 0.9 per-
cent manganese, up to 0.1 percent sulfur, or up to 0.1 percent phosphorus.
Steels containing greater amounts of these admixtures are known as alloy or
special steels. Steels with up to 0.2 percent carbon are called low-carbon
or mild steels, those with 0.20-0.40 percent carbon are medium-carbon steels,
and those with a carbon content in excess of 0.40 percent are called high-car-
bon steels. If the total content of alloying elements in a steel is 3.0 per-
cent or less, it is classed as a low-azlloy steel. When the content of the
8lloying constituents is from 3 to 5.5 percent, the term medium alloy is used,
vwhile if the alloy content exceeds 5.5 percent, the steel is called high alloy.

COST [State All-Union Standard] §77-41 for shaped carbon steel castings
divides all steels into five grades on the basis of physical properties and
carbon content. These steel grades for normal-quality casting are as follows:
15~4020, 25-4518, 35-5015, 45-5512, and 55-6010.

The first two digits in the grade designations refer to the average point !
carbon content, the second two digits to the tensile strength in kilograms per
square millimeter, and the third two digits to the relative percentage elonga-
tion for a specimen with a fivefold gauge length.

If the method of manufacture is to be specified, appropriate code letters
are prefixed to the grade: B for Bessemer, M for open hearth, and K for acid,
e.g. K15-4020, B25-4518, etc.

The following are the grades of high-quality steel for casting: 15-402k,
25-1522, 35-5019, 45-5516, and 55-6012.

Moreover, there are also the following grades of steel for special-quality
casting: 15-4028, 25-4525, and 35-5022.

Steel for shaped casting maey be produced by eny method: Bessemer, electric
furnace (arc, high-frequency), etc. The silicon and mangenese content in all
of the above-listed three groups of steels is limited by GOSTs to a range of
0.17-0.37 percent for silicon and 0.50-0.90 percent for manganese.

It is recommended that the phosphorus and sulfur content of acid and basic
steel for normal-quality casting not exceed 0.05 percent each, and not exceed
0.0b percent for special-quality casting. In normal-quality Bessemer steel,
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the phosphorus content should not be over 0.09 pereent, while in high-quality :
steel 1t should not be over 0.06-0.07 percent. In castings subject to welding, I
the following admixture limits are recommended: carbon 0.25~0.35 percent,

silicon up to 0.60 Dercent, phosphorus not over 0.05 percent, sulfur not over

0.04 percent, and manganese not over.l.10 percent. Shaped steel castings which

are o be welded must have an increased silicon and manganese content, but

should not exceed the limits established for carbon steels.

Typical Uses for Castings

The uses to which carbon steel castings are put in the shipbuilding indus-
try are listed in the following table (Maritime Registry USSR, 1952, Central
Planning end Design Bureau-2, and other sources).

Standard
Parts Steel Grade,
Group -GOST 977-41 .General Application Specific Cast Parts
A 25-4518 Lightly stressed Flywheel fittings; handles;
parts whose dimen- board hawses; side light
. sions are based frames, bolt bars; hinges;
on structural and draining, ballest, and
technological con- scupper fittings; bulkhead
siderations stuffing boxes; hand-driven
gears; rollers; lightly
stressed block shells;
heavy thrust bearing check
clamps; crosshead slides;
lightly stressed machine-
driven gears; lightly
stressed machine stands
and fremes; pilot wheel
pedestals; pedestal chocks;
guardrail supports; door
assemblies, canting frames,
ete.
B 25-4522 or Vital-castings op- Saturated and exheust steam
35-5015 - - erating under con- fittings in pressure oil i
siderable statie or mains and high-pressure
evenly applied fire lines; covers for heat- ;
stress, impact exchange apparatus; flanges;

stress, or at
Pressures over
10 kg per sq cm

Kingston valve flaps; cold-
hardening equipment; axe
heads; hawse Plpes; deadwood
pipe bushings; rudder stuff- !
ing boxes; deadwood pipes; !
shaft bossings; rockers and .
rudder quadrants; flukes; :
intermediate and thrust
bearing housings; reducing
and worm gear hous ings;
auxiliary apparatus turbine :
housings; screw propeller
hubs; steam boiler collector :
parts; machine foundation :
Irames and pedestals; anchor ‘
brake plates; engine cyling-

ers; drive gears for auxil-

iary machines ang equipment;
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Standard

Parts Steel Grade,

Group GOST 977-41 General Application Specific Cast Parts
reduction-gear wheels;
eccentric yokes; windlass
sprocket wheels; windlass
plates and drums; boat
davit supports; loading
boom supports; steam hydrau-
lic and hydraulic press
stands; forge stands etc.

C 35-5015 Especially vital Stems; screw shaft brackets;
castings subject . rudders; rudder frames;
to impact loads rudder heads; boat davit
and vibration; op- supports and stands; hawse
erating under a pripes; valve housings and
Loo°C temperature valve boxes for superheated
and at high pres- steam; serew propellers;
sures propeller bdblades; crank and
head bearings; nozzle hous-
ings; diesel cylinaer ceps,
ete.
' D 25-h522, Vital castings for Steam turbine cylinders and
35-5015, or steam turbines rings, valve housings,
35-5020 reducer-gear housings,
disphragms with cast vanes,
ete.
E LoG-L Especially stressed Large cylindrical geers,

parts and parts anchor chains, ete.

subject to wear

When in low-temperature service, carbon steel castings are unsatisfactory
because of their sharp decrease in plasticity. For example, at 60 degrees be-
low zero centigrade, the resillence of steel with 0.25-0.30 percent carbon is
about one kilogram per square centimeter. It is recommended that alloy steel
be used in cast parts in service below 30 degrees centigrade.

Chemical Composition of Alloy Steel for Shaped Casting

As was indicated above, steel with an incremsed content of the usuel ad-
mixtures, or with a content of special admixtures, is known as alloy steel.

Alloy steel has the following substantial advantages over common carbon
steel;

1. Improved physical and mechanical properties not only at ordinary but
also at high and low temperatures;

2. Longer service and less chance of failure in service;

3. Increased suitability for deep hardening, thus considerably increasing
the strength of large parts;

L' Suitability for deep drawing, which allows a decrease in internal
structural stresses without a great loss in strength of hardness, thus assuring
increased plasticity and high service reliability with great variable loads;

!
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5. Considerably greater corrosive and wear resistance in sea water, super-
heated steam, and other aggressive media.

The following alloying elements are used in specilal steels: mangenese,
chromium, nickel, copper, molybdenum, vanadium, titanium, tungsten, zirconium,
cobalt, and others. Mogt widely used are mAnganese, chrome-nickel, and chrome-
nickel-molybdenum steels.

Much practical use is made of chromium and copper alloys. Steels with
small amounts of &lloying elements -- chromium, nickel , and molybdenum steels B
the so-called "low-alloy steels” -- are widely used.

The symbols for identification of alloying elements in steel grades has *
been standardized as follows:

Carbon U Chromium Kh :
Manganese G Nickel N ,
Silicon S Molybdenum M
Tungsten v Copper D
Aluminum Yu Phosphorus P
Vanadium F Cobalt K

! Titanium T Sulfur -

The first digits in alloy-steel grade designations refer to the average
point carbon content, e.g., LG or 30Kh. In tool steels, the carbon content
is indicated in tenths of on¢ percent and follows the letter, €.8., U7 or U12.

The letters to the right of the figures indicating carbon content identify
other alloying elements in the steel, e.g., LOKhGS. The digits following the

letters indicate average percentage content of the alloying element, if over
one percent, e.g., 4OKh2G.

The suffix "A" ldentifies the steel ag being of high quality with & limited
sulfur and phosphorus content, e.g., LOKNGSA. The prefix "E" indicates that the
steel was produced in an electric furnace.

Single~Element Low-Alloy Steels

1. Manganese Steel : ' l

A manganese content of up to 1.10 percent in steel noticeably increeses

the strength, hardness, and resiliency of the ferrite and decreases its plasti-
city.

The hardenability of menganese steel is not significantly increased by
heat treatment, thus it cannot be used in large castings having wall thicknesses
of over 100 millimeters. .

The Principal asset of manganese steel castings is their high resist-
ance to wear. They are used for excavator shovel parts and various other low-
and medium-weight castings which may be hardened in an air stream or liquid.

Manganese in the form of blast-furnace ferromanganese is not 2 deficient
alloying element.

|
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The recommended manganese steel composition is carbon, 0.20-0.45 per-
cent, and manganese, 1.0-1.7 percent. Carbon steel vwith a higher manganese
content is characterized by greater strength and wear resistance.

The carbon apd mAnganese content in steel is determined by the desired
physical properties of the casting and its wail thickness. If the part is to
have high plasticity, normal strength, and thick walls, the manganese content
mst be greater and the carbon content lower. +f, on the other hand, high -
strength and normal plasticity are required, the manganese content must be de-
creased and the carbon content increased., 1In every case the manganese and car-
bon content must be Buch as to assure a pearlitic or sorbitic structure.

The chemical composition of manganese steels used in wear resistapt
castings is as follows:

Composition 4)

Grade Carbon Manganese Silicon
250L 0.20-0.30 1.10-1.30
1.35-1.55%
1.70-1.90
0.30-0.45
306L 0.25-0.35 1.05-1.35
Loz, 0.35=0.45 1.35-1.55

2. Nickel and Chromium Steels

i Nickel increases the strength and hardness of ferrite without de-
creasing ductility. Niekel steel is easily mrachined. Nickel sharply increases
the hardenability of steel and assures wniformity of physical Properties through-
out the body of the casting. When nickel is used as the sole alloying element,
its effect on steel ig somewhat weaker than when used in combination with other
admixtures; therefore, the use of nickel steel in the casting industry 1s limited.
Nickel steel has high fatigue limit and resiliency. Nickel-steel castings are
characterized by a very high structural and physical uniformity as well ag by a
high resistance to corrosion by sea water.

" The usual chemjcal composition of nickel gteel used for casting is car-
bon; 0.20-0.40 percent, and nickel, Up to 3 pereent. A nigkel steel of this
composition is recommended for screw Propellers and paddles for ice breakers
and long-range ships.

Chromium increases the strength, wear resistance, ang hardenability
of steel, By regulating the chromium and carbon content, it is possible to
improve the physical broperties of the sieel.

The usual composition of low-alloy chromium steel used for casting is
carbon, 0.35-0.45 percent, silicon 0.25-0.k5 Percent, manganese 0.6-0.8 percent, ;
and chromium 0.7-0.9 percent. i

In parts subject to weer it is recommended that the carbon content be
inereased to 0.60 percent and the chromium content to 1.5 percent. Steel con-
taining 5 percent chromium, up %o 0.20 percent carbon, 0.4.0.6 percent manganese,
and up to 0.3 bercent silicon bossesses high corrosion resistance and is uged
for diesel heads in high-speed, ocean-going ships.
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Low-alloy chromiunm steel is used in castings with wall thicknesses of }
up to 75 millimeters and which are subject to great vear, high temperatures, or ”
gaseous, corrosive atmospheres. Chromium stee] castlngs have a relatively smail
Plasticity, although higher than carbon steel castings,

Chromium steels with copper and nicke], molybdenum, or other admixtures
Possess many desirable broperties and are therefore fin

dirg ever 1ncreasing use.
3. Silicon Steel

t A silicon content in ey
the ferrite ang

; ‘improves its Physicai properties,
and increagesg + Silicon steel Is_used in tastings having
high magnetic broperties.

Low-al

r cas
divided into tvo groups: “low-carbon ste
to 1.0 percent silicon; and high-carb
l.he1.6 Percent silicon.

loy silicon steel fo ting may, for bractical
el with 0,1-0.2
on steel with 0.40.

Iurpcses, be
bercent carbon ang up
0.50 percent carbon and

High-carbon silico;

D steel is used for su
rane reollers and P

<h wear-resistant castings ag
bridge - ulverizer gears,

Steel castings teng toward
blov holes Therefore, ip designing eilicon steel
parts it ig necessary that wall thickness be uniform and that there be
edges and no stress raisers.
!

kL. Copper Steel

. Copper increases ¢
of steel, and the resistanc

he Strength, hardness, plasticity.
sion. The effect of

e of castin

and resiliency
copper upon steel

85 to atmospheries and sslt-water Lorro-
structure jig analogous to that of nickel.

ov-alloy copper steel is adbout
percent carbon and 1.25-1.75 bercent copper. fThe 800d physical prop-
copper steel together with its goeq casting properties and low cost
are responsible for its wide use in the machine and shipbuilding industries.
The belier that copper was responsible for red-shortnesg in steel has not been
corroborated.

High-carbon copper steel with 1.35-1.60 Percent carbon
cent silicon, 0.7-0.9 percent manganese, 1.5-2.0 bercent coppe
chromium, not over 0.1 percent phosphorus, and 0.06 percent su
used in casting engine crankshafts,

; 0.85.1.10 per-
T, 0.4-0.5 percent
1fur is widely

5. Molybdenunm and Vanadium Steels

.Molybdenum imparts increased Strength,
machineability to steel.

The chemical compositi
steels lies generslly with

in the range of 0.2.0.
Percent molybdenun. Molybdenum steel is used in

hardness, harde
on of low
b percent

nability, ang
-alloy uolybdenum

Vanadium considerably decp
grain, improves the physical Proper

Large castings from low-alloy vanad
structural unifo

increases the re
recommended for

€ases structural 41
ties of steel

lum steels ar
rmity and fine grain,

siliency of steel.
service in the north

Swaiformity, refines the
; and is a VE€ry goed reduecer.
e disting 1ished by their
At room ang low tempe r
Therefore,

atures, vanadium
vanadium stee) castings are
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The chemical composition of low-alloy vanadium steel lies within : .m
0.25-0.45 percent carbon and 0.20-0.80 percent vanadium. o
%
Because of its good physical, structrual, and casting properties, f§
vanadium steel is used in thin-walled, complex castings. .i , |
. A =t
Binary Low- and Medium-Alloy Steels b o ‘
X
1. Chrome-Nickel Steel ]

Content of chromium and nickel imparts many favorable properties to -
steel: increased strength, plasticity, and resiliency, hardenability, and | R
improved resistance to wear.

The recommended composition of chromium-nickel steels is as follows:
carbon, 0.3-1.0 percent; manganese, 0.6-1.0 percent; silicon, 0.3-0.7 percent;
chromium, 0.5-2.0 percent; and nickel, 1.0-k.0 percent: As the carbon (within
the above range), chromium, and nickel contents are increased, the strength of
the steel rises.

Chromiun-nicke)l steel is used for casting parts subject to abrasive
wear, impact loeds, and alternating tensile and compressive stress such as
excavator shovel parteg, which must have high strength at increased temperatures.

Steel containing 0.41 percent carbon, 0.58 percent mangan-ese, 0.29 per-
cent silicon, 2.00 percent nickel, and 0.87 percent chromium is suitable for
casting highly stressed gears, winch drums, ete. This steel i{s aivo used for
casting vital complex parts, and parts with walls up to 200 millimeters thick.

It should be noted that for reasons of nickel economy some plants use steel with
an inverse proportion of nickel and chromium: 0.2-0.25 percent carbon, 2.5-2.0
prercent chromium, 1.0-1.5 percent nickel. Such steel Dossesses high strength and
plasticity.

The chemical composition of low-alloy chromium-nickel, nickel-molybdenum,
and chromium-molybdenum steels for casting are &g follows:

Chemical Composition (%)

Steel Grade [4 Mn i cr Ni iEgil Mo fm:x
3TKhNL 0.3 0.0 o0 0.9 1.30 .- -- .-
KhN2L 0.39 0.86 0.37 0.67 1.78 0 ob - 0.05 "
KhN2L 080 052 0.37  1.00 239 - .- --
30MML 0.32  0.70 -- -~ L35 - 0.32 -
30KhML 0.30 0.50 0.4%0 0.80 -- -- 0.20 - _
30KhML 0.27 -- -- 1.00 .- - 0.50 . ‘ !
LOKnML 0.39 0.81 0.39 0.69 .- 0.43 “-
20Kh2ML 0.20 0.8 0.37 2.05 -- -~ 0.50 -
|
- 7 -
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2. HNickel-Molybdenum Steel 1

Nickel-molybdenum steel ha

s high strength, plasticity, and ductility
at normal and high temperature

B
S, and is easily hardened. |¥

The admixture of molybdenum to niskel steel incresses irvs hardenability b N
and resistance to creep, and dscreases its temper brittleness. The chemical [ o
composition of low-alloy nickel -molybdenum steel generslly lies within the Lh
following range: carbon, 0.20-0.45 Ppercent; nickel, 1.2-1.8 bercent; and molyb- (]
denum 0.2-0.4 percent.

Low-alloy nickel-molybdenum steel 1s used for large, complex castings
subject to extreme stress or high temperatures .

3. Copper-Chromium and Nickel-Vanaedium Steel

Copper facilitates the dispersion hardenin
the strength, plasticity, and resiliency of casting
of chromium.

g of steel, thus increasing
5, especially in the Presence

The comsosition of co
-30 percent; silicon,
0

3
-3

pPPer-chromium alloys is as follows:
0.25-0.35 percent; mangeanese
-1.50 percent; and chromium, 0.6-0.8 percent.

¢carbon, 0.15-
» 0.60-0 80 percent; copper,

Such steel serves as a g

ubstitute for many castings made of chromium-
) nickel-molybdenum steel and is i

nding ever increasing use.

The admixture of vanadium to nickel steel facilitates the attainment
of fine granular structure in thick-wall sections. Vanadium alse inecreases
strength, plasticity, and resiliency.

The chemical composition of lov-alloy nickel-vanadium steel generally
lies within the following range: carbon, 0.20-0.40 percent; nickel, 1.2-1.64
percent; and vanadium, 0.15-0.25 percent.

Nickel-vanadium steels are used in vita

1 and complex castings subject
to lov temperatures dowvt to 70 degrees below zer

0 centigrade).
Multicomponent Steels

The concurrent beneficinl effant of two or more alloying elements on the
physical properties of structural steel is due Tirst toc the positive effect of
each of the clements on the pPrimary an

The admixture of various a ves steel hardenability. ‘ {
Thus, molybdenum and vanadium in chromium-nickel steel, increased earbon content
in chromiwn-molybdenum steel, etc., make it Possible to improve some of the
physical properties of heavy-weight castings.

1loying elements impro

1. Manganese-Chromium-Silican Steel {Chromnsi)

Manganese-chrouuum-silicon steel has good hardenabil
Properties. The average cnemical composition of this steel i
0.4g Percent; silicon, 0.5-1.0 percent; manganese, 0.7-1.5
0.5-1.0 percent.

ity and physical
S: carbon, 0.20-
bercent; ang chromium,

i

e

AT -

T R R e TR, oAC007 005002615
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Low-alloy marganese-chremium-gilicon steel i¢ ove c¢f the hi
steels and is used for castings subjest to impa
However, castings made of this steel are »o
uniform in structure. Consequently,
with vanadium,

gh-grade i
¢t, wear, erd high stress.

Arse grained and relatively dis-

many plants generally alloy this steel

2. Mangsnese-Silicon-Chromium-Vanadr

i oand Chrovuum-Nickel~Molybdenum
Steels

The introduction of u
nivm-silicon steel improves th
the steel and incremses itg st

P to 0.12 percent vansdium inte manganese-chro-
e decxidation and primary crystallization of
ructural uniformity in large castings.

The steel has

€ood hardenability and rhysical properties. It is used
in vital castings. Since the mnganese-silicon-chromium-vanadium steel main-
tains Ite high dustility av low temperatures, !t is rezomnended for aact parts
in servize in the north.

ChrcmLum-nickel-molybdenum steel h
rroperties. It is distinguished by its res
steel is used in special-purpose large and
heavy, variable loads at high temperatures

8s good hardenability and physical
istance to wear and creep. This
complex vital castings subjest to
{over k0O degrers centigrade).
3. NickelnChromium-MAuganese-Molybdenum Steel
This steel rosseszses good hardenability and =
and creep. The chemical composition is as follows:
manganese, 1.25-1.60 percent; nickel, 1.0-1.3 percent
cent; and molybdenum, 0.3-0.5 percent.

high resictanze to wear
carbon, 0.30-0.4%0 percent;
5 chromium, 0.60.0.75 per-
The steel ig used for vital, complex large tastings subject to wear.
Multicomponent Steels

Chemical Composition (%)
Steel CGrade c Mn 51 Ccr Ni Mo v
40GKnL 0.37 1.49 0.L6 0.52 - - --
LosknL 0.39 1.38 0.57 0.63 - - --
3OKKGSL  0,38-0.38 0.90-1 20 0.50-0.75 0.50-0.80 . -- .-
[sic]
LYOKNGSE, 0.h2 1.4g 0.80 0.38 .- - Quze
303KhML 0.34 L.20 - 0.96 .- 0.3k ..

30N2KhML  0.30-0.35 0.50-0.10 -- 0.60-0.90 1.75-2.25 0.15-0.25
Heat-Resistant, Steinless, and Wear-Resistant Steels
1. Heat-Resistant and Stainiess Sieels

t is necessary that e distinction be made betveen heat-resistarnt and
heat-proof steels. Heat resistance is the ability of a steel to resist the
formation of scale, whereas "heat-rroof” 1s the term applied to the ability of

steel to maintain itg strength at high temperatures, Heat-proof steels are nen
considered ia this handbook

Castings of low-alloy and medium-allcy
building and especially in the mashine building
suffizient corrosion resistance Bgainst the action of humia air; superheatad
steam, acids, bases, flue gas, and high temperatures. At high temperatures
these steels lose theip strength and begin tc ireep. Low and medium alloy car-
bon steels do not bear high-temperature (400-500 degrees centigrade and aver)
water and steam Pressures well., Some grodes of steel, when kept at high tut
subcritical temperatures over iong pericds of ~ime, precipitate graphite and
lose their ductility and initial good physical properties.

carbon steels used in the ship-
industries scmetimes Iack
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The ~orrosive process ic

the gradual, Progressive destrustian of the
metal by the surrounding medium through chemizal aw electrashenm!za, reactione. ‘

Corrosion resistan- Erevention of cerrosion
or by the formation of a thirn, dense passivating f1im en the metal surfe-e
through the azticrn of the medium upon the mesil,

e 1is achleved either by the

Highly heat-resistant, stainless, arnd &eid-resistant steels must e of
& monophase strusture: ferritic, mertensitic, austenitiz, ar ledevuris:-.

The rroductior of §t2els with
by ailoying them with elemente
and molybdenum, or with easgily

and aluminum. The mist widaly used alleying elemant in heat.re
stainless steel: <z chromium Zhromivw forms +he best, deusest,
hermetic seal with mwetel. Smell 2mounL: of aluminum snd silicen oxsde LmMprove
the chromium ox:de film but somevha+ desresse its A1r tightiessg

high torrcsion resistance
more noble than iron, su:h as
Paselvated elements, suth ac

It has been estsblished that the higher the tericerature of the ags
gressive medium, the higher mus* be the chromium zontent 1n the steel. regard-
less of the nj-ke} sentent. Nickel intreases the density and btonding firength
of the protecti-e film in heat-resistant steels, 74 alsqa insreases the sip
tightness of the film and improves the physics) breparties of the sieel ., To
have satisfactory corrosion I2s1stance in humid air, 2 @U2Y nave a minimum
chromiun content af about 12 percent

The 2arben content, of high-chromium
trochemical ~orrosicn but no practical
greater the carbon content in high
electrochemical corrosion.

steel ha:z a great effect on elep.
eifect on chemicai 2orrosior.

And the
chromium steel the les

B Its resistance g

Besides the comnosition and stry ot the :zes’.

Tture
of the surface of the -ag+ 2g 8ad the contim
essential effect upen

20rreslive resictance.
ontinuous c8sting <kin assure the cast party

2 the sleanlireya
ity of the ca g 2kin hsva an

A CiPar >r polisheq surface ani a
OFLIMim norrocisayg reriztense,

Eigh<chromium stairndess and heat.res
to five groups: ferritic,

istant sieels my pe divided jn-
semiferritie
Yedeburita: .

s martengirie, ferritiz.carhigia. aad

Ferriti: high-chromium steels wity g
carbon and 13-ik percent chromium. and 6.08.0 1
cent chromium, are nusad for

and 850-900 degrees centigra

tontest of up ts 0.08 peroent
Z perceps > erd 16-20 per-
¢Asl psris operating at ¢ FReratures of 800-R:3
de, respectively,

Martensitic alloy chromium steels vith a zarben -anteqt
percent carbon, 13-15 percent chromium, nnHIE'pnrcent mexel, and 0.1
cent carbon, l6—20_percena chromium, and 2 perient cickel, ave used fer =
Parts operating at temperatures of 825 and ogp degrees centigrade, respecty
fMdrtgnsitic stainliess steels have entirely eatizfantary TOrroElon resizeye
and are used for tasiing hydrotarbine blades, T1ttinge, Pump marts, atc

L?deburitlz.h1gh-a}10y chromium hest-vesy tant sreels ape yaey in
castings subject to high temperstures

rezis
11,050-1.,109 degrees cantigra

GOST 2175 -43 appiies to shaped corresion and hez+
from high chromium steel vhich are subject to cervice in superhegtedq sTenm,
nitrie or organic acids, ammonia E2%, or acid and sals solutions ag tempera
Up 1o 1,100 degrees centigrade. The chemical compasitions of high-shremium
steels, in arcordance with COST 2176-L3, ave listeq below,

~resistant castinge

- 10 -
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. A
| ' Chemical Composition (4"
Steel Grade ¢ Cr 51 Mn - ‘— :
Mn max ‘max}
Kh28 0.5 ;
| - 0.5-%.0 26-30 0.5-1.3 0.5-0.8 c.: 2.08.0.10
Kh34 1.5-2.2 32-36 1.3.1.7 0.5-0.8 0 )

Fote: IT castings ;
ES Bre subjest to wear j .
content be decreased ang carbon corntent b:ri;:r;;é‘:mmndﬂ that chromium

< <. 1 aQ L TeRrLztaAnt, s tess,
The hemi 8l composition a app. ation of heat-re stan stainie
Ik 1ic
and aCid~1‘3515 tant steels used in various bl'ﬂﬂhl.“. : af Lnaas ry 2re listed ke '\-‘ .
re 1ste 1o

- 11 -
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Steel Grage
—==So rade

30ML
25Kh1hL
Kh18n3L

Kh2s5nN2L

Kh25N121,

Kh2snzoL

Kh25K2s1, 5L

Kn27n2s21,

Chemical Composition (%)
C Mn Cr Mo N

0.26-
0.35

0.22-
0.28

6.25-
C.ho

ho-
60

Qo

0.50~
0.8o

0.30-
0.
0

&

85

[
0.
o

35

Si

<0

o

Ny

n =

N = o oc o

25«
k5

+20-

40~
20

T W

0.25 0-30
0.30

12.00- 0.60

14,00

18.00- 7.50~

20.00 8.50

24,00 1.50-

26.00 2.00

2k,00- 12.00.

27.00 13.50

24.00- 19.00-

26.00 26.00

26.00- 1.80.

29.00 2.4y 2p To C.2

26.00.- 1.80-

29,00 2. 0.20-0.30

—_—
0.050  0.050
0.030  0.030
C.040  0.050
0.040  o0.0ko
0.030 0.035
0.040 0.040
0.930  0.030
0.030  6.o30

Sanitized Copy 7 vod for F : 00200261-8
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Uses

Turbine parts operating at
temperatures of 400-500°C

Bydroturbine blades
Acid-resistant castings

Hearth plates, potg other
parts Operating at tempera.-
fures of 1,100 and subject
to impact loads .

Crucibles » bottom plates,
other parts operating at
temperatured up to- 1 ,000°

Hearth plates, bottom plates,
boxes, other parts operating
at temperatures of about
1,000°C and subject to impact

loads

Parts operating in an atmos.

phere of 1l1um1nating gas,
'3» furnace gas, BaS, or a

temperature of 1,200

Parts opersting wnder the same
conditions (above) but at
temperatures of up to 1,100%

STAT
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It is known that some Ehip parts (sorew brogeliervs, Pumps, etz )
operating in water are destroyed by corrosicn and physisal action f:avitation;A
Cavitation generally occurs at de

feative Spots on the surface of :ﬂe casting
or at stress raisers, The best cavitation-resisting €a5Tings are made of
25Kh14L end Kn18y8;, steel. .

2. Wear-Resistant Steels

The Most-widely useq Vear-resistant steel ig Gadfil‘q steey T3ibry.
This steel has the greatest wear resistance of a]) existing WeAr-rezistant
steels. Gadfil'q steel ig austeni

tic in structure, 8rd therefore noTagne tie

The optimum chemical composition of G1hL stee] used for shaped
is as follows: carbon, 1.3 percent; silicon, Q.75 peraent; mAngsnese ,
cent; phusphorus, not over 0.10 Percent; anq sulfur, up 1 0.02
Righ rhosphorus content in G1hy, steel hag Practisally no effe
since *he phosphorus Is in a 301id solution of austenite
s phosphide &long the granular boundsries, 8s is the

Castings
12 5 par.
Perzent. The
CT On a1t plastic:ty
and is not precipitated
“H#5¢ 1in ordinary sTeels,

. Despite their low hardness, castings from 314y steel ape Practicaijy
dnmachlneable by high-speed Steels and oniy Poorly machineable by Pobeiit taols.
. The high Strergth, plasticity,

iAChineability of G1UL cteel is due to the breakdown or the aysten;te and the
formation of secondary structures ag a result of the

cold hardening. Therefore,
141, steel has very high wear resistanee enly when undetgoing cold.hardening
during service.

and Year-resistan-as &s well as the pocr *

- In casting complex or thick-walled Lover 100 miliimetery) Larts of
this &teel, either g lesser carbon content, shouid be uzed (below 1.0 Yercent

or .the steel shoulqd be alloyed with additiongl nickel or :arbide~formjng ele-

ments | SuPPlementary 4lloying of thie cteel with 1.0.1.3 £2re2nt a5 umingen for
parts vith wall tnicknesseg of 80120 millimeters, L4 3-3 perrent alumingg
"for partg with large wal) thitknesses, w1ll assyre g unifore Lusteny
“in ‘the cBstings .

12 strusture
: Other highly Wear-registant
tion have the following composition;

- ohromium, 23 percent, apg nickel, 0.6
0.6 percent ang chiomium’ 15, 5 Fercant,

Graphitized Stee;

» Common &ray and nodujar
p%operties, resiiiency, ang
Steel, on tpe othery hard, ha
steel comas closest to combg
and.steel.

high-allcy chromium Steslq vorthy of mep.
carbide steel .. carbon 0.4 perranar,

Pereent; ang mrtersite fteel -« carben

C22t 4rons POgtege considerably better “Aasting
stress—raiser-indu:ed fracture indices thap stegl,
3 gredatep strength ang plasti:l:y. And grapiitizeq
ning hoth the advantagecus bropertisg of Cast 1rong

: In strength ang applicability, g
rolled LS apg L5oo Brade’steals. Thep

3 ¢ made of forgings sy be
replaced with castings of graphitizegd steel, - B .

The EI293, EI336, and EI366 grades of graphitizeg ca
i dndustry, fhe EI293 stee] is widely used ip Preparing STAMPS Tor nglq
Stanmping whose stabj is about ten times that of stamps made o the 110 apg
Y12 steels ang about double iat of those made op the Kh12M sizeq. The E1366

~ing plates =g shot-blasting
n s, and vanes, tracks, sand~blasting nozzles, wOorm-geap Trowns,
machine Parts as wel) ag other assenblleg subject to abragive Vear, Sraphitizeq

4
s . j

Sting stee) are used

0 “Sénitizéd Copyxp.proved for Release 2011/08/3
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steel is Tully suitabie for zasting sma1l tractox TYPE arsnkshaftz thall
molds, stamps,- grates, ete, Cast stamps from graphitized steelg arc egual '
in stability witp fIorged ‘stemps but ‘reguire groater technology in manufacture
and are ¢onsiderably . lesgs expensive,

Grarhitized steel of the following COTR0sition 1s vLied i the USSR: car-
bon, 1.z Percent; §ilizon, 0.85-0)95 Prercent; mAngAnese, L rerient; suif o and
phosphorus, 0.03 percent each. Whep casting large, complex paris, up e 0.25
Percent molybdenun is added ang the silicon content 1s reduceq by ur o 0.8 Ter
tent to incremge hardena.bility, .

On the basis or the latest research, the following Brajhiltized stges my
be recommendeq for casting: carbon, 1.2.1.4 percent; manganese . 0.6-0.9 pap.
05 poreen

cent; silicon, 0.7.1 10 Perzeat; sulrur apa phosphorus , net over 0.0
each; nickel, up.to 0.5 bercent; chremiug, up to 935 Faresnt: apd
0.7 percent. .

There is po dAifferen-e 14 the. smelting of Braphitized anq Bigh.carbuar
Steels. 7Tt may be smelted 1n basic as well 3s acid ar: or industiog elestrys
furnaces. To incrense plast.icity it is recommended that the graphiis Zed etepl
be modifieq wWith microadditions o ferroboran (0.Chon o7 Percent)  silicoeal.
clum, or magnesinm 0.2.0.3 PCri=nl;. The strength may be inzreaseq by addi .
tions of aluming 10.2.0.3 percent), ferrosilicon [0.1.0 2 percentl, op sillzg.
2irconium {0.15-0.20 rerient; Admixtures 8re made. into. the ladie ag temneratyres
of.1,575-1,625 degroes coatigrage. .

The.:m:hlrmhility of grapghitized 285LINg stee}l 1gn entirely fatisfaztory.

Select&gg_z.of‘:gteel Grg’.tgg;.!‘_o_{_::‘g{lgged Caati_n_g i

The great VErlely of stee) grades suitabie for CASIBg pluces g the dsc.
Posal.of ,t.h_»a,,designer 9 great mgpy reésour:ies. The Friniipal bages fod selectinp
are generdally the stres: ang Strengih limjts There are other ccmsiderations,
bowever.. The designer pust tonsider the technology af the mtera;

By "tochnology” e meant the sultabiiity of the matering for bouring, nezt
treatmcm, and machining, ar : Its welghy, reliabihty, 2nd Cosy.

. It is Fossible to tompare the ~pgt of varioug castirge by SO g werghte
and averige wall thizkressee, I the c&sting 103t rop ordinsry cast ivor ig
taken ag 1.00, then the cost 4f other equiveight castings, BISUNING the egma
tasting 1akor, would be .

L arsy dron . PRVl

Nodular iron 105

talieabls 1yon ~ 1.40

Unanealeg CAThON gt L.90

A.x:mealed, Or normalized steel - 2,50

REERASEY fie2t-treateq steel 2,70

!-ZJz;ganeée high-ﬁf’iley steal . 2.3

~fll:'c;alium‘_r;ickel-mo Lyhdemw;q stepl . A =50

Hligh-alloy chromimnan cjey ®leel, grade Khifwg Lizo l

1

o |

; i
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Jhchiné'parts made of high-temper,

‘hardened ung snnesled ehremivm-nickel IQ
steel, which are subject to vear, last three. to four tinﬁs»longer‘than the
Same parts made -of annealed carbon-steel,

It has been established that many parts made of nodulsr iron whieh are
sub jeont to wear are better than gsteel. .

.For castings with sudden tra
small'shrinkage, steelg with a Lo

nsitions from thick

to thin walls but with
¥ carbon content are

recormended. -

For noncomplex castings with waly thi
cdrbon or medium carbon g

millimeters), high-carbon

cknesses of over 15 mi
teels are recommended. Fop thin-walledq
steels are preferred.

llimeterg,vlow
castings {5-15

In selecting the grades of carbon steel

~ on the basig of carbon Teutent,
the following additional factors must be considered.

Steels with a higher carbon content are needed for

The greater the weight of the casting, the lower should

The greater the cross-sextion of the casting, the greate

from temperature Fluctuations, the greater mist be the n

sf?el,.and, therefore, the lower must be the

882 strength ang quality and re
1

parts subJect-to=ue&r.
be the carban content,
r its interna}l stresses
22t ~onductanes of the
carbon content . Castings of aver -
latively 1ow weight may be fuxcessfully made of

4
square millimeter, o yield 5 e
and an elongation of over 30 s ¢ made of alloy steels, such ae
grédes 3TXHNL,, KhN2L, 30nML, 30KeML, 4OGSKIFL, etc.

Parts subject to Ereat abrasion should be made of rangansse ~grade steeLs
2521, Logr, 5032L,: or 90G1LL. '

-~In-selecting alloy
of the stea) must always

steels for heavy, highly. loaded parts, the harde
Tor sich purposes..

nability
be congidered. The bOGSKhFL grade steel ig Suitable

Parts operating at temperatures over 403 degrees centigrade should, ue q
tule, be made of steel grades 35Kn2GML,, 35KhSGML, 30NML, etc. Parts operating
at temperatures down to 5 degrees below zero centigrade are best cast or alioy
nickel and-vanadium steels, Por lower temperntures, hish-alloy austenitin or
ferritic steels with a very low carbon content shouid he uged.

To rmake the best Possible use of g Steel
Tamiliar with all

» the designer should first bezome
the properties of the stee]

To ges castings that are str

onger and have irproved pro
lately been modified with microad

Perties, staplg have
mixtures of mgnesiun, calzium, cerium, ate

1I. PROPERTIES op IRON CASTINGS

Castings From Gray and Nodular_lggg

The term "gray iron casting” 4s appiieq to
contain graphite an.

rosectione

d are free of structurally £r churite, 4
fresh fracture of such a casting would be light or dark gray in e¢o)osr. (asg
iron which does not contain special admixtures i mon cast jron. yp
alloying elements such &6 chromium, nickel

the iron is termed "alloyeq"

» copper, molybdenum, ete., aro Added
or "specinl” east iron,

Specimens whoge mic

- 15 -
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Blast furnace iron, smelted from Khalilovsk or Yelizav
taining chromium

and nickel, is known as naturally alloyed
tinguished from the cast iron to which special allg

steel scrap or in the form of shavings or ferroallo

The cost of naturally g&lloyed iron ca.
from iron to which

expensive ferroalloys h
alloyed irep castings are more expensive t

etinsk cres con- ‘
cast iron, as dis-

¥s have to be adged with the

ys.

stings is less than tha
ave to be added.
han common iron ca

t of castings
However, naturally
s£tings.

When steel constitutes over
iron is known as steely Plg iron;
decreased carbon content.” (Qast {
which is treated

, of modifiers,

20 percent of the char

@ more accurate tit)e
ron of an

ge, the resultant cast
would be "cast iron with
Y chemical composition or strurture,
in the ladle, trough,

OT pouring basin with small edmixtures
is known as nodular {modified) iron.,

Modification ig generally accompanied by grain refinement, more soherical
graphite, and, sonetimes, oxidation, whieh naturally results in improved mechan-
ical ang Physical properties,

Current research indicates the Superiority of cast iron over steel in sagt.
ings subject to eyelie, alternating lcads.
At Present, nodular irons are used by mny plants of the Ministry of Mapd -
timz and River Fleet Ussr.
All iron castings
.. groups, in accordance w
1952, and other sources

used aboard ghi
ith GOST 1412-i

D may be divided into t

e fellowing
48, the Maritize Registe

r of the USSR,

Cast Irop Grade

Group (Gos'rlhlz-h8) Applicetion Specific Parts

A 8fh 12-28 or Nonvital parts Ballast, deck Plates, hydraulic
.SCh 18-36 columns, ofl stuffing boxes ang
. pump heads, large fcrgtngs, non-
vitel gears, bearing aps, flv-
wheels, reducer caps,” ote,
B SCh 21-40 op Vital partg sub- Steam-enginc mounts, redestals,
SCh 24-44 Ject to vibra- frams bearings, auxiliary ma..
tion and variable chine and camshaft bearings, level
lcads without 1m- cantilevers and Supports, flywheels,
Pactls, operating pulleys, regulator housings, con-
at temperatures dengor ¢8ps, steam-engine cylinders,
below 30000 steam superheater Parvs; cteam rt.
tings, pigton rings, bhydraul {po rump
housings, electric-motor housinge,
metal-cutting machine parts, ete,
c SCh 2444 Vital parts sup- Stean-engine cylinders; stean super-
(*1) or . Jeet to large heater parts; engine
MSCh 28-48 but latent loads;

cylinder blocks;
ump cylinders;
T oil and scav.
) circulating, and
steam-cngine bugh-
S «n¢ pistons; steam-engine hegr.
ing cases and C8Ps; steam-engine
biston rings; water shutter housings;
tees; vorm-gear erowns; hydraul,s
Press plungers; housings gnd caps of

compressor and oi] P
parts subject to housings and heads o
temperatures not Snger numps; bilge
over bOOOC; parts feedpumphousings;
subject to bres- ing

sures of 5-10 at-
mospheres




y

| I
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Cast Iron Grade

Crou GOST 1h12.48
Lroup

AEElication

D "ICh 28-48
{(*2) or
HSCh 32-52

Fspeciully vitel
parts subject
to large but
datent loads ang
viar; warts not
“ubieet to over
Louoe

ot ¥iCh 3252 Parts subjzct to
(#3) or Lreat wear,
MSCh 3556 alternating

’ . tensile end com-
bressive but no
impact stress;
aris subject to
liquid or gas

. .. Pressure not aver

20 Btinosphores

F M3Ch 35+56 or
MSCh 38-60

Farts subject to
tenzeratures up
to 600°C ana
liguid and gas
Pressuras not
over 25 atmog-
phares

(x1)

Wall thickness of thege castings

(*2)

dall thickness pr > cbstings

(*3) wai: tuickness

(k) Tt is recormendad that
chiomlwa and 1.2 Dercent nickel

of' thesoe custings

The chemical composition of
regulated on the basis of well thicknoss

At a high cooling rete, brittle,
Leparated from east iron,
indicate that gray iron i
nodulayr iron.

hard,

nore

- 17 -
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alloyed cast irons with
b uze

both cormon ang nodular

thug decrcasing its nmchineabillty.
scnsitive to cooling rate

E
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Specific Parts
vital reducers; sears; bushings;
small valves; pipe capy ang unjons
with gas,liquid pressures under 10
atmospheres; boiler and engine
steam Tittings; gate valves ape
gage valve bushings; inlet, a dost,
and starting velve Liousings; Seats
mdimetrh@;oﬂ.ﬁlwrhmme;
sprayer nousings; exhaust valye
dises; ete. N

Jaw “"ashers; cam and erankshaf't g
bushings, pistons, ang piston rings
for compressor énginer and oil end

scavenger pumps; hign-pressure com-

Pressor c¢ylinders; engine gear drives;

high-gpeed enging frames; arge- ;

bridge crane &ears; large Dulleys ]
and flyvheels; bending stemps f'o) !
friction ang Lydraulie précses; oth...

vital parts

Hevses, hawse plpes, dleats,~chock53
helical gears fop Treight hoists,
vindlass giay wheels, deadwog. Dipes,
eir hammer and forge press c7ldomiers
and housings, injector housings,
chein drive sprockets, other vital
paris

Furnace frames, baffles ang reverbera-
tory plates, gas-steam-wator 1ine
Perts, noiseless reducer gzare,
crusher balls, cte,

Tust not be below 8 millimeters.
rUSt not be below 10 nillinstorg.
must not be below 2y millimztars,

up to 3.6 neraent, A

-0 in Group £ custings.

Brey lron must be

and microstructure.

structurally free cemgatite is
Experinents
variations then

) ) PR e L e T T e s et T L x ‘- S L 4Cy7(j(5;2()();2E3:[:§§__IIIIIIIIIII|IIIII
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Nodular gray iron has considerable advantages over common gray iron as g
structural material., It ig denser and more homogeneous. Nodular gray iron
has greater vibration damping Dower than does carbon steel.

Alloz Cast Iron

The three elementg having the greatest effect on the hardness increase of
cast iron are vanadium, molybdenum, and chromium. Coprer, manganese » 8and nickel
increase hardness only insignifice.ntly.

recognition in the USSR; they are introduced into the charge in the form ‘of
naturally alloyed ironp.

The use of naturally alloyed irons for castings with increased strength
and hardness ig entirely feasible. The butlder has the authority to specify’
grades of nodular gray irons in accordance with GOST 1h12.48, citing the ne-
cessity of their being elloyed with chromium and nickel.

Chromium-nicke] nodular iron is recommended for vitgl group E and F parts.

Spheroidal Graphite Cast Iron

Scientific-research studies of recent years have changed the conception
of cast iron as a structursl mterial with comparatively low strength and
especially low plasticity. The strength and plasticity of cast iron ig depend -
ent upon the structure of the metallic base ang the quantity, form, and
character of the graphite inclusiong in the mother metal, In common gray and

strength and plasticity. Spheroidal graphitic inclusiong considerably decrease
the concentration of stress. ’I’herefore, with an OPtimum structure of the metal-
lie base, the strength and plasticity of cast iron equals that of steel,

With spheroidal graphitic inclusions the ratic betveen surface and volume
is at & minimunm, It 15 possible to get a Varying metallic base in ecast iron with
spheroidal graphite: bearlitic, pearlitic-ferritic, ferritic-pe&rlitic, ferritie,
martensitic, or ausienitic (the latter two in case of alloying or heat treatment),

The' congruence of low cost and €00d physical and technological Properties
assures wide application for spheroidal graphite cast iron. The builder has the
opportunity of cutting rachine ang other costs by replacing steel castings and

Torgings with cast iron, Moreover, &8 wide Perspective ig also ovened for decreag-
ing weight, o

The Principal impediment to the introduction of spheroida] graphite cagt iron J
parts into industry is the absence of an adequate method of in:roducing magnesium

into the liquid cast iron. Existing methods of adding magnesium to liquid cast
iron have miny disadvnntages.

To increase the effectiveness of the magnesium absorpt
Speclal megnesium alloys. The compositions of the most importent of
are listed in the following table.

The replacement of magnesium with magnesium alloys in modifying cast iron
assures a smoother reaction and eliminates boiling over in the ladie,

- 18 -
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Raw Materials
for Smelting

Alloys
Mg&T5%FeSi

Mg&T5%FeSi

Mg&Cu
Mg&Ni

- 6T -

Mg&Ni
Mg&T75¢FeS1

Mg&T5%FeS1

Mggh5gPeSiasica

Mg&Cu&SiCa -»

Alloy Composition ($)

Amount of Alloy Added (%)

Mg

15-25 56-64

20-25 55-60

7-50
7-50

20

5-8

3-5

12 S5iCa 53
FeSi Ls

12 Remain~
der

St

50-60

50-60

Ca

SiCa 20

Ni

-~ Remain-

Fe

der

Remain-

der

Per Weight

of

Material

2.4

1.5-2.0

3.5

2.0

2.0

Con-
verted

to Mg
0.35-0.50

0.25-0.75

0.50-1.00

0.20-0.25

0.15-0.25

0.15

0.30
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Method of Adding
Alloy to Liquid
Cast Iron
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Alloy is poured

into cylindrical .
measuring con-
tainers with iron .-
rod inserts which
are then used as
bandles for charg-
ing into the ladle

Under bell directly
into ladle with
special cap

In special chamber
with aid of bell

State Trust for
Organization of
Production in
Auto~-uive
Industry

Maritime and Rive-
Fleet Ministry
Pplants

Central Scientific-

Research Institute
of Technology and
Machine Building

On red hot ladle Grechin
floor without.

chamber or cap

Under bell directly

into lable without
cap

Under bell directly
into ladle without
cap

bell directly S
Uixg.%g ladle withou
cap

Inder be.
Under be
cap

SR ©

Building Ushakov

Sumsk Plant

Scientific-Research

Institute of Chemi-
cal and Machine
Building Ushakov

cientifi~-Research

tute of Chemi-
ggls.ttimg ﬁaghine
Building Ushakov

ientific-Research
sRitite 0F Chent-
and Machine
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In accordance with the classifications of the Central Scientific- .
Research Institute of Technology anq Machine Building, spheroidal graphite i
cast iron is divided into two types. The first type is cast iron with & :
pearlitic or a pearlitic-ferritic base {ferrite content of up to 20 percent),

The second type is cast iron with a ferritic-pearlitic (peariite content of

up to 15 percent) or a ferritic structure, The first type of cast iron, codi-

‘fied as SPChP, ig divided into 2 grades;,fsPCth‘,and SPChP55 (superhard pearl-

itic cast iron; the ternm "superhard" is didlectically ircorrect but ecannot
be abolished until a GOS?T is ratified). The digits indicqte the minimum
standard tensile strength in kilograms per square millimeter,

The chemical composition of the basic liquid cast iron is controlled so
that its castings (without magnesium admi xtures) would have a gray fracture,
Depending upon the grade and structure of the casting, the chemical composi-
tion of the initiaml liquid cast iron should lie within the following range:

(Percent)
Carbon 2.50-3.70
éilicon 0.80-3.00
Manganese 0.40-0.80
Phosphorus 0.08-0.20
Sulfur up to 0.14

Spheroida) grephite cast iron may also pe produced with a higher carbon
content but thig is recommended only in small-section castings, The larger
the section of the casting, the lower should be the carbon content in the ini-
tial iron. If large section parts are cast of high-carbon cast iron, the

sired structure of the mother metal (pearlitic, pearlitic-rerritic, ferritiec-
pearlit, ferritic). For castings with identical wall thicknesses, the silicon
content of spheroidal graphite cast iron can be somewhat greater than that of
gray iron. To Prevent blanching in casting thin-walled parts, it is necessary
to admix ferrosilicon into the ladle in such quantity as to assure a silicon
content increase of ¢.3-0.4 bercent. If a magnesium-silicon alloy 1s added to
the liquid cast iron, then that silicon shoulq also be taken into account.

Manganese hag o very great effect op the strength and plasticity of
5pheroidal graphite cast iron.

The effect of manganese as an alloying element in smelting spheroidal
graphite cast iron is more bronounced than 1in common gray iron in which
manganese and sulfur form the compound MnS3, thys heutralizing the harmful
effect of the sulfur. 1In the smelting of spheroidal graphite cagt iron,
magnesium serves ag the sulfur neutralizer, Therefore, {t 4g recommended that
the manganese content bhe kept with 0.5-0.8 Percent in cast irons with g pearl-
itic base. In ferritic bage cast irons, however, the manganese content should
not exceed 0.4 bercent, to avoid decreasing plasticity. A phosphorus content
up to 0.5 percent does not deter the formation of spheroidal graphite cast iron
but considerably decreases itg plasticity. Thus, the phosphorus content ig
limited to 0.1 Percent in SPChP clasg B cast irons, to 0.2 percent in clags A
irons, and to 0.1 percent in SPChF-type cast irons.

- 20 -




The standards or the Centra) Scientific-Rese&rch Institute of Technology
and Machipe Building for tpe Productien of SPCHPYS cast 1ropn
following table:

8re given in the

Wall Thickness

75~150 mm

0.12

Proportion of Admixtureg to Weight or Liquid Mete)

Mz Fesi
. I
0.50- . Admixture not
; 0.75 requireg
Note: (1)

Admi xture 15 ferrosilicon of 0.3-0.5 Percent ig requireq
only when wall thickness ig under 75 millimeters or when
welght of casting 15 low (ebout 1c0 kilograms).

S for pure magnesium or high-
ed-bottom bely.

Class B, up to 0.1¢
0.8-1.2 0.5-0.8

Wall Chemical Couposition of Initial Gast Iron gﬁ!

Thickness

(m) ¢ s1 17 s e

“P 10 10 3.4 ang gyer 22,7 0.5-0.2 0.18

Class A, up to 0.20

1C-30 3.2 and over 2.2-2.5 0.5-0.8 0.14

30-75 3.0 and over 3,45, 0.5-0.8 0.1!}

70-150 2.7-3.1

0.14

-~ 21 -
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Wall Chemical Composition of Cagt Proportion of Admixtures | K
Thickness Iron After Admixtures Were to Weight of Liquid Cagt !
{mm) Added (%) - Iron (%) s
s Mg
51 !max} gmax) Mg FeSi
up to 10 2.7-3.0 0.03 0.05-0.10 0.25-0.35 0.8-1.0
10-30 2.5-2.8 0.03 0.05-0.10 0.25.0.35 0.6-0.8
30-75 2.1-2.4 0.03 0.05-0.10 0.35-0.50 0.5-0.7
75-150 1.4-1.6 0.03 0.05-0.10 0.50-0.70 0.5-0.8

N Note: (1) 1In casting parts witp 8. wall thickness of 76-150 millimeters,

near the maximum wali thickness. (3) The manganese content
should be at the lower limit if high plasticity 1s desired.

The data supplied by the above institute for the smelting of SMPF-5 cagt
iron are as follows:

Well Chemical Composition of Initial Cast Iron ﬁ)
Thickness |
j ( !

mm 4 st ¥ s P
up to 10 3.4 and over 2,6-3.1 0.4 0.14 0.10

10-30 3.4 and over 2.h2.8 0.6 0.14 0.10

30-75 3.2 and over 2.2-2,6 0.6 0.14 0.10

75-150 3.0 and over 2.2-2.6 0.6 0.14 0.10

- Wall Chemical Composition of Cast Proportion or Admi xtures

Thickness Iron After Admixtures were to Weight ofr ‘Liquid Cast

mm Added Iron

S
st (inax) Mg Mg Fest

up to 10 3.0-3.2 0.03 0.05-0.10 0.26-0.35 0.7-0.9
10-30 2.8-3.2 0.03 0.05-0.10 0.35-0.50 0.7-0.9 '
30-75 2.6-3.0 0.03 0.05-0.10 0.50-0.70 0.7-0.9
75-150 2.4.2.8 0.03 0.05-0.10 0.50-0.70 0.6-0.8

SPChFlO-gx:nde cast iron ig Produced by heat-treating castings of
SPChP55 Class B cast iron.

The uses to which spheroidal graphite cast iron may be put have been
insurficiently studied. 7In shipbuilding blants this metal may be used for
casting crankshaftg for technical and roadstead fleets, gerew propellers
(except for long-range and ice navigation ships), ¢ylinder bushings, pistons,
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valves, fittings and valves subject to bressure, housings » Scavenger pump
connecting rods, low-pressure turbine cylinders » diaphragms, bushings for
chassis and impact bearings » shaft casings » Windlass and hoist gears, oil-
pPump housings, intermediate shaft couplings (except for long-range and jce
navigation ships), chain drum sprockets for windlasses » ete.

Spheroidaj. graphite cagt iron has sa.tisfactory weldability ang may be cut
with an oxyacetylene torch.

White Cast Iren
—— 35T Iron

White iron castings are widely used in coal mills, various crushers, sand
and shot blasters, railroad wheels, etc,

tion, white iron castings have g sharply Pronounced lack of homogeneity. K. P.

tion of machine parts subject to great wear is cast iron with Wp to 3.5 percent
carbon, 0.7-0.8 bercent silicon, ond up to 3.0 percent manganese, with g minimum
prhosphorus ang sulfur content. For parts subject to alternating temperatures

it is recommended that 0.2-0.5 percent molybdenum or nickel and up to 0.6 percent
chromium be added.

Molybdenug decreases the tendency ofr castings toward transcryst&llization
and refines the initiel structure of the cast iron, thus increasing (s strength.
M. M. Dobrotvorskiy has shown experimentally that the treatment of liquid cast
iron with megnesium or tellurium considerably decreases the depth of the white
iron zone while sharply increasing its strength,

Malleable Cast Iron
—22=82i¢ Cast Iron

White cast iron, when subject to a long anneal (malleableizing) becomes
malleable cast iron. The name mallesble [of which the literal meaning in
Russian ig forging} is a misnomer singe this iron eannot be forged. There are
two types of malleable cagt iron, depending upon method of Production: black-
heart and vhiteheart. The amnealing of white iron castings (to attaip black~
heart iron) is done in a neutral or weak acid atmosphere. This treatment dig-
sociates the cementite. The annealing of white iron (tc attain whiteheart iron)
is done in an acid atmosphere, In this process the iron is decarburized.

In the production of whiteheart malleable cast iron, two simultaneous
reactions occur: decarburizution and cementite dlsscciation. However, the
decarburization is the more important since additional ore ig required to
anneal the castings. Experimental analyses have shown that the decarburization
brocess occurs in conjunction with the formation of & gaseous phase in vhich
the oxygen of the ore combines with the carbon in the easting as follows: 1

FeO+ CO= Fe 4 COp,
C + cos = 2¢0.

The chemical composition of a malleable iron casting is not uniform
throughout the Cross section. In the outer layer the carbon content fluctuates
from 0.2 to 0.5 percent vhile the carbon eontent of the core is from 0.5 to 0.9
Percent.

Pearlitic malleable cast iron is a comparatively recent structural material
and is used when high strength ang wearability are required.

The chemical composition of malleable cast iron both before and after
annealing is ag follows:s ~o:»

-23 -
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Blackheart Ferritic Maileable Blackheart Pearlitic Malleable
¥hiteheart Malleable Cast Iron;‘ . i “Cast Iron ' . Cast Iron .
Element Preanneal Postanneal Preanneal Postanneal Preanneal Postanneal
Ctotal . 2.90-3;30 0.40-2.00 2.20-2.80 1.70-2.70 2.20-2.80 1.70-2.70
Cgraphitic - 0.20-1.50 - 1.60-2.80 ’ - 0.90-2.20 -
Ceombined 2.90-3.30 0.30-0.70 2.20-2.80 0.10-0.20 ;. 2.20-2,80 o.56-o.807
s1 1.00-0.60 1.00-0.60 1.50-0.80 1.50-0.80 . 1.50-0.80 1.50-0.80
Mn 0.40-0,60 0.40-0.60 0.30-0.50 0.30-0.50 0.30-1.00 0.30-1.00 ’
P up to 0.2 up to 0.2 up to 0.2 up to 0.2 up to 0.2 up to 0.2
-] 0.12-0.20 0.12-0.20 0.05-0.15 0.05-0.15 0.05-0.15 0.05-0.15

- 42 -
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It is apparent that the carbon content in whiteheart malleable iron ig 5
greater before annealing and lesg after annealing than in blackheart malleable V-
iron. Iherefore, the annealing time of vwhiteheart malleable iron isg greater N
than that of blackheart iron. Wall thickness is one of the basic factors é;

&

determihing annealing time., 1In large castings the carbon combustion or cement-
ite dissoctation process 1s not completed even during lengthy anneals. Conse-
quently, a vall-thickness 1imit mist be set to prevent low-strength cast iron.

L2
The wall thickness of whiteheart malleable iron castings fluctuates from 3 .
3 to 15 millimeters, but may be as high ag 50 millimeters in blackheart cagt- * Tt
ings. : IS
The following table lists the typical applications of malleable cast iron NI o
(based upon the Maritime Register, 1952, and other sources).

Grade of
Malleable

Group Cast Iron Application Specific Parts

A fKChh0-3 or Boiler or ship Water fittings; water compartments
KCh32-12 . lines for boilers; vater-line Joints;

couplings; tees; erosspipes; other
fittings for 0il, eir, or steam
lines with steam temperatures of
up to 200°C ind rated bressureg
of 20 kg/cum; valves; spigots;
pPipe fittin,.,

B * KCh35-4 or Iull parts ang Illuminators, thwart angle irons;
KCh35-10 . ship fittings deck hooks; row locks; row lock
. Pplanks

¢ :KCh30-6 or’ Cabin fittings Door assemblies, lock rarts, door
KCh30-3 and hardware keys, hooks, hangers, angle brackets,
' handles, other nonvital partsg,

Antifriction Cast Iron
1

. Antifriction cast iron has lately found use In friction polnts ag a sub-
gpﬁitutelf9r deficient nonferrous bearing alloys.

. The wéaiq§;l;ty of antifrietlion cast iron is determineg by its structure:
the more pearliie ‘and the less ferrite, the greater the wearability. Cast
iron with a stable pearlitié‘btrucsg;e is produced by adding naturally-alloyed
cast irons to the charge . b ‘?gw o s
. Antifriction grades SChTsI and SChTsII ca st irons are used only under i
conditions -of latent specific load. For service undep more extreme conditions, ‘
& titanium-copper antifriction cast fron with Up tc 2.0 percent copper and up i
to 1.2 percent titanium is recommended . :

The chemical composition of castings from antifriction gray iron (in ac- i
cordance with GOST 1585-12 [sic]) is as follows: i

Chemicel Composition (%)
n

Cast Iron 3

Grade c Si. Mn P (max) Cr Ni u Al

SChTs 3-8~ 2.2- 0.6- 0,15 0.2 o0.00. o.E- 0.2-  0.10-
3.6 2.} 0.9 0.25 0.35 0. 0.3 0.15

SChTSIT 3.2- 2.2-  0.6- 0.15- 0.12 0.20- 0.2- 0.2- -
3.6 2.4 0.9 0.25 0.35 0. 0.3

= Sénitized Copy Approved for Release 2011/08/31 : CIA-RDP80-00809A00070 ]
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Note: Silicen cantent may vary depending on wall thicknesg s0 long as
structure remains pearlitie, : = :
4 2
Titanium-copper alloy may be subject to friction with latent specifie l%ﬁ vl
stress up to PV x 15 kilograms ber square centimeter and a speed of 3.0 '} !
meters per second.

Heat-Resistant Cast Iron . 9
o T lron ) .

Special alloyed heat-resistant cast Irons are useq in parts subject to J
high temperatureg, Heat-resistant and alloyed cast irons generally are Hihah o
d*vided into three classes: low alloy, medium alloy, and high alloy. cCast
iron of the following chemical composition is useq at plants under the Minis-
Ley of Maritime and River Fleet USSR for meking fire-grate bars: carbon 3.2-
3.3 percent, silicon l.k-1.6 percent, manganese 0.4-0.g percent, chromium
0.6-1.0 Dercent, nickel 0.25-0,30 bercent, titaniym Up to 0.12 percent, phos-
phorus up to 0.25 bercent, and sulfur up to 0.08 percent.

This‘cést iron is smeiteg ¥ith an addition of 34-40 percent raturally al-
loyed cast irop and 20-25 percent steel to the charge. The above iron ig
recommended for diege) engine parts ang cold-bending stamps.

Medium-alloy heat-resistant cast irons contain 2.0-4.0 Percent silicon,
up to 1.5 percent chromium, up to 0.6 Percent manganese, and 3.0-3.3 Percent
carbon. Such iron 1s recommended for cold-bending stamps,

High-alloy cast irons (nickel-copper-chromium, nickel-silicon-chromium)
are austenitic, The former hag high corrosive resistance, the latter, high
heat resistance, ' : :

of ‘this casgt iron {5 austenitic, graphitic, ang chromium carbidic. ‘The quantity
of carbideg inoreases with the chromium content; the bachineability of the cast-
ings ig simultaneously decresased, Nickel-copper-chromium cast iron also PpPos-
Sceses high heat resistance in a gaseous medjium (up to 850 degrees centigrade).
Nickelfcopper-chromium cast iron hus good ueldability end mey be ugeqd as
welding rod ip vwelding common or nodulay irop castings.

Nickel-sil;con~chromium cast iron hag good heat resistance ang may be used
for casting furngge fittings subject to temperatures of about 950 degrecs centi-
grade., R :

Aluminum cgst iron such as w&hhg&l'" has very hich heat resistance. fhe
chemical composition of thig cast iron lies within the following range: carbon
l.2-2.0 percent, aluminug 20-24 sereent, silicon 1.3-2.0 percent, manganese
0.6-0.8 percent, and sulfur 0.01-0.03 pereent” *

Alurinum cast iron may be recommended for casting furnace fittings subject
to temperatures of 950 degrees centigrade.

The latest research of the Central Scientific-Rescarch Jnsiitute of Tzch-
nology and Machine Building indicates that chiromiun apd silicon cast irong
hodified with magnesium, i.e., spheroidal graphite cast irons, have g very high
heat resistance, . : :
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Chromium cast. iron has the Tollowing Composition: carbon, 3.0-3.1 per-
cent; silicon, -245-3.0 Dercent; menganese, 0.5-0.7 Percent; phosphcrus, 0.1~
0.15 Percent; sulfur, not over 0.05 bercent; andg chromium, 2.5 percent. The
iron 1s modifieq Vith 0.8 percent magnesium and 1.9 percent ferrosilicon.

Silicon east iron modifieq with 0,9 bercent magnesiym and 1.0 percent
ferrosilicon hag the following composition: carbon, 2.3 Percent; Silicon, 7.0
per_cen,t;_ mAnganege, 1.5 Percent;; phosphorus, 0.1l4 Percent; ang sulfur, 0,02
bercent. These cagt irons are suitable for serviee at temperatures of 800-850
degrees centigrade.. -

III. SUBSTITUTES pop CASTING BRONZES

. The Tolloving table lists tin t&sting bronzes ang the tin-rree bronzes . w
which may be substituted for then:

Tin Bronze . Adequate Tin-}‘ree Bronze Substitute L.

BrOtssN 3-7-5-1 BrAZh 9.k, Brazny 11-6-6, Brazhmis 10-2-1.5
Brotss 6-6.3 o BrAZh 9-k, Brazny 11-6-6

Brotss 5-5.5 BrAS, BrA7, Britts 3.1

BrOtsS 3-11-5 ) BriMts 3-1, Bras, BrA7

BrOtsS 4:h-1,7 BrA5, Bray

V.  SUBSTITUTES pog TIN BABBITTS

Babbitt._. substitﬁtea my be divided intg the following groups:

1. Coppei--base nonferroys alloys -- lead bronzes, 'silicon, and silieon-"
lead brmsses\.

2. Zinc-base Ronferrous alloys .. TsAM- type zinc-aluminug alloys.

.. 3.7 Ferrous ’alioys ~- antifriction ang nodular cast irons ana iron-
graphite, o

' Pla.st}.cs end wood-plastics - textoli'te, texto-bakelite » lignofole B
Lignoston, etc. ’ I

Lead Bronze
=£8d Bronze

E.jcperin;ents indicate that bronzes wity 27-33 percent lead possess very
high antifrietion Properties. The BS30 bronze may be used at Specific prec-
sures of 250 kilograms Per square centimeter ang peripheral speeds of 8-20
meters pep second. The Physical Properties of this bronze are maintained st

high tempera?cures_, which 15 not the case wity B83 babbitt which loses 1ts harqg-

enk;inés‘, high-power turbines, internal-combustion engines, steap hoists, ete.
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Silicon and Silicon-Lead Alloys | o e _

As a resilt of their good physicsl and antifrietion properties, the LK80-3 ﬁ& )
and LKS80-3-3 ‘brasses maYy be used as substitutes for tin babbitts. Their utili- 3 1 i
zation is, however » limited for a number of reasons; i W )

1. When poured into a steel bushing the brass does not adhere wel) and
. " requires mechanjcal fastening.

2. A good bond between steel and brass is achieved by beading the brass

onto the steel bushing; the beading itsels, however, is a very difficult opera- ,
tion.

The use of brasses and bronzes as partial (about 25-30 percent) substitutes N
of tin babbitts has gome advantages.

The combination of babbitt B16 and bronze may be used as a substitute for
B83 babbitt in vital parts such as ecrenk bearings in high-power steam engines,
heavy-flywheel bearings, ete.

Zinc Base TsAM Type Alloys

These alloys primarily include the various TaAM-type zinc-aluminum alloys:

TsAM 10-5, TsaAM 20-10, TsAM 5-10, TsAM 5-13, etc. The TsAM 10-5 alloy has the
best properties. Its composition 1s: aluminum, 9-11 percent; copper h.5-5.5

_ bercent; lead 0.03 Percent; tin, 0.05 bercent; cadmium, 0.015 percent; iron,

/ -k porcent; total admixtures, 0.6 percent 5 zinc, remainder. The maximum
stress to whigh this alloy may be subjected is ag followas: specifie pressure,
200 kilograms Per square centimeter; and sliding speed, 8 meters per second.
Because of itg high physical ang antifriction properties ; the TsAM 10-5 alloy
is used a5 a substitute for high-tin babbittg.

Ferrous Substitutes for Nonferrous Alloys

Ferrous metals -- malleable cast iron, antifriction iron, nodular cast
iron -« may in some instances be used a8 substitutes for tin babbitts. But

rice, such substitutions must be treated with due care. Nonferrous antifrictim
8lloys are videly replaced with porous iron-graphite (a mechanical mixture
of 96-98 percent iron and 2.4 percent 8raphite compressed at 4-6 tong per

" 8quare centimeter pressure and sintered at 1,200 degrees centigrade in a con-
trolled atmosphere),

The maximum physical stress to which these substitutes may be subjected
&re as follows: "i.o.

Maximum Specific Pres- Maximum Sliding Maximum PY

Substitute . sure, P (Kg/sq cm) Speed, V (m/sec) {kg/sq cm/sec)
High quality,

antifriction

cast iron,

nodular cast -

iron, or mal-

leable cast

1i~qn ‘ up to 50 0.5-3.0 50-80

Iron-graphite up to 60 up to 55 up to 125

- 28 . ‘1
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Plastics and Wood-Plaatics ' g

Textolite .(a plastic) and lignofole (a wood-plastic) have found wide use
as bronze and babbitt substitutes in the shipbuilding industry.

Plastics and wood-plastics bossess high antifriction DProperties, a low
coefficient of friction, and relatively high wearability. Their primary short-
coming is their low heat conductivity, making it necessary to water-cool
bearings made of thig material. If sufficiently well cooled, plastic and wood-
plastic may be subjected to severe cond{tions and impact loads.

The maximum physical stresses to which plastics and wood-plastics used as
substitutes for babbitts my be subjected have not veen fulliy determined. In
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